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I Dr. A. S. Parkes (Medical Research Council) .-I propose to discuss briefly the biological basis of the work carried out during the last eighteen months on the induction of increased fertility in sheep. Dr. Hammond will deal with its possible application to agricultural practice.
Removal of the anterior pituitary body from an animal ca,uses cessation of reproductive activity. Conversely, if an extract of the anterior lobe is injected into an hypophysectomized or otherwise reproductively quiescent animal then the gonad, particularly the ovary, undergoes stimulation and in many cases ovulation and the formation of corpora lutea results.
It might be supposed that wide possibilities of increasing the fertility of animals were thus opened up, either of increasing the number of ova shed during the normal ovulation period, or of stimulating the quiescent animal. Unfortunately, many difficulties have been encountered in the practical use of gonadotrophic extracts for increasing fertility, and up till recently the results have not been very promising.
The normal ovarian cycle consists of two phases: the maturation and rupture of one or more graafian follicles, and the subsequent development of a corresponding number of corpora lutea. The first of these phases is correlated with the appearance of willingness to accept the male, and the second with the changes characteristic of early pregnancy. If a crude extract of anterior lobe is injected, in most cases a mixture of these two ovarian phases is produced, and generally the result is chaotic ovarian activity not at all like the orderly changes which normally take place. From the results obtained it seems likely that not less than two anterior pituitary substances are present in the anterior pituitary, one concerned with the production of ripe follicles (follicle-stimulating hormone) and the other with the development of the corpus luteum (luteinizing hormone). In crude extracts both of these two substances occur, in varying proportions, and injection of such an extract stimulates the ovary to undergo two phases of development at once, their relative intensity depending on the proportion of the two substances present.
Qualitative properties of the more important gonadotrophic extracts.-Anterior pituitary extracts are obtained most easily from the anterior lobes of horse, sheep, pig, and ox. The anterior lobe of the ox contains little gonadotrophic material and that present is largely luteinizing hormone. Sheep and pig anterior lobes contain appreciable amounts of material and from them quite active extracts can be obtained. Unfortunately the luteinizing hormone appears to preponderate, and it is difficult to produce any orderly stimulation of the ovary of hypophysectomized animals with crude extracts from these sources. On the other hand the extracts of horse pituitary are extremely active and contain a preponderance of follicle-stimulating material; the changes produced by the use of crude horse pituitary extracts resemble those seen in the normial ovary.
Extracts of blood and urine.-Two other well-known gonadotrophic preparations are obtained from species in which the body fluids during pregnancy contain very large amounts of gonadotrophic material. The blood-serum of the pregnant mare, particularly during the third month of pregnancy, contains relatively enormous amounts of gonadotrophic material. In women, the urine during pregnancy contains very large amounts of a gonadotrophic substance which is very different in biological action from that found in the serum of the pregnant mare. Whether or not the substances present in the body fluids during pregnancy are elaborated by the pituitary gland is not clear. They may originate in the placenta or in the pregnant uterus.
Determination of qualitative properties of extracts.-If the qualitative activity of gonadotrophic extracts is tested on an intact animal there is the theoretical possibility that the animal's own pituitary may contribute to the effect produced, even though the test animal is reproductively quiescent at the time. In practice it has been shown that the effect of the injection of a gonadotrophic extract may be greatly modified by the presence of the animal's own pituitary, which, moreover, appears to be stimulated by the changes artificially induced in the ovary, and contributes to the effect produced.
The degree to which the animal's own pituitary affects the response differs in different species, but it appears to be maximal in the immature female rat, the most commonly used test animal.
Experiments on sheep.-These general principles are well illustrated by the work on sheep, and our own investigations have been carried out with horse pituitary extract, which seems to have particularly suitable qualitative properties.
The first experiments, consisting of injecting out-of-season ewes shortly before slaughter, showed that it was possible to produce ovulation during ancestrus by the injection of horse pituitary extract. The number of follicles ovulated was one to three, i.e. normal for sheep. Later experiments showed that treatment of sheep during the last three or four days of a normal cestrous cycle caused super-ovulation at the next cestrus. Injection at any other time of the cycle or during pregnancy did not cause ovulation, but merely enlargement of follicles.
Flock experiments.-These short-term experiments were followed by work on a normal flock, which revealed several points of importance. If ovulation is induced in an out-of-season ewe it is not usually accompanied by full cestrus, i.e. by willingness to mate. It may be necessary to give a second injection after an interval of sixteen to seventeen days and to cause, therefore, what amounts to one complete artificial cycle, before mating will take place.
Working along these lines on Dr. Hammond's experimental flock in Cambridge last year seven ewes were induced to take the ram out of season, and of these four ultimately produced lambs, the total being seven, giving an average of one lamb per ewe. II Dr. John Hammond (School of Agriculture, Cambridge University).-There wouldt seem to be a wide application for this hormone in the practical problems of sheep production. The chief applications appear to be as follows:-(a) To reinforce cestrus in ewe lambs, breeding during their first year.-Breeders have Section of Comparative Medicine 485 frequently hesitated to breed from ewe lambs because of the detrimental effect on the ewe herself and because the lamb is often small and weak at birth and the ewe has but little milk. It has been found that the feeding of the ewe during the latter part of pregnancy has a marked effect on birth-weight and milk secretion. By lambing ewe lambs later in the season, about a month after the grass has begun to grow in the spring, these bad effects may be overcome. One good effect of lambing from ewe lambs is that they appear to make better mothers if they produce lambs early in life.
On the average only about 7000 of ewe lambs put to the ram normally become pregnant; this, however, varies greatly in different flocks and seasons. Tests have been made this last breeding season to find out whether injection at the time they are on heat will increase the number of conceptions; no results are yet available. In mating up ewe lambs during December and January a certain percentage fail to accept the ram ; these can be injected, as for ancestrous ewes (see below), and many have been served during this last season.
(b) To increase the fertility of normal, matings.-Nlany flocks, especially in certaini breeds, give a lower lambing percentage than the optimum, and if this could be increased to about 175-200% it would raise the efficienev of lamb production.
By making the injection a few days before the onset of oestrus, the corpus luteniii apparently inhibits ovulation and ripening follicles bank up in the ovary so that when the corpus luteum atrophies and heat appears a large number of follicles are ripe and ovulate. After injections of .50 mgm. horse pituitary extract frequently seven to nine ova are shed, and cases have been obtained in which seven fertilized eggs have been recovered from the tubes and five embryos taken from the uterus at about halfterm.
Whether it will be possible by regulating the dose to ensure that two follicles onlyr will ovulate has yet to be determined, but it seems likely for there is a marked effect of dose on the number of follicles which ripen in anoestrous ewes.
(c) To breed from barren and lost-lamb ewes during the non-breeding season.-The ewe has a well-marked breeding season which coincides with the short-day period of the year. The exact duration has not yet been worked out for the different breeds, but with Suffolk x Border Leicester-Cheviots it begins each year about the end of August or beginning of September and ends about the middle of March to the first week in April. There is considerable individual variation, however, and some ewes go into ancestrus as early as the middle of January; ewe lambs especially tend to go into ancestrus earlv.
The number of barren ewes and lost-lamb ewes is considerable, and at present no return, except a wool clip, can be obtained from these for a whole year. If these could be made to breed after the lambing had finished, a crop of lambs could be obtained in the autumn; thus, by mating after lambing was over in April they would lamb in September.
By injecting 50 mgm. of horse pituitary practically 100% of such barren or lostlamb ewes can be made to ovulate in the ancestrous season but no oestrus occurs. An ovulation without an cestrus normally occurs before the onset of the breeding season in sheep, and it is not until the second ovulation that cestrus appears. It seems possible that if the ripening and rupture of the follicle is too rapid, as occurs when no corpus luteum is present in the ovary, time is not allowed for the symptoms of heat to develop. Whatever the explanation, the fact remains that by giving a second injection at about fifteen to seventeen days after the first, the normal duration of the cycle in sheep, both ovulation and oestrus are caused, and mating results in.
pregnancy. The exact time at which this second injection should be made has not yet been worked out for different circumstances such as breed, time of year, &c.
(d) To obtain two crops of lambs in one year.-In order to do this the ewes have to be mated while they are still suckling. This is at present being done in some Dorset Horn flocks, a breed which has a much longer breeding season than other British breeds. From work this season it has been found that ewes suckling lambs can be brought into cestrus by the same method as adopted for other ancestrous ewes, although the best interval for the second injection is not yet known. The best interval between lambing and the first injection too has not been determined, although from a practical point of view it would appear that ewes suckling single lambs born early in the season form the most promising material.
(e) To speed utp ewes coming to the ram at the beginning of the breeding season.-In breeds, such as the Dorset Horn, which cater for the early fat lamb trade, there is often difficulty in getting the ewes to come on cestrus together early in the season, and the lambing is consequently spread out over many weeks. Horse pituitary should be useful in this case, but the details of the method to be employed have yet to be worked out.
In conclusion we have the impression from this season's work that the condition of the ewe may have an effect on the ease with which cestrus is induced in the ancestrous season by injection of the hormone. This seems to fit in with the known fact that flushing or extra feeding of the sheep before the tupping season increases the fertility of flocks. It may be that the hormone is dependent for its action in producing cestrus on some nutritive substance.
